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The recognition that environmental pollution is a worldwide
threat to public health has given rise to a new massive industry
for environmental restoration. Biological degradation, for
both economic and ecological reasons, has become an increas-
ingly popular alternative for the treatment of agricultural,
industrial, organic as well as toxic waste. These wastes have
been insufﬁciently disposed leading to environmental pollutionm (Eman A. Ghazy).
ﬁc Research and Technology.
. All rights reserved.
enter, Egypt.
lsevier[6] . Plant lignocellulosics as organic substrates are subjected to
attacks by biological agents, such as fungi, bacteria and insects
[11,19]. Acids can break down the long chains in cellulose to
release the sugars through hydrolysis reaction, but because
of their high speciﬁcity, cellulases can achieve higher yield of
glucose from cellulose [21]. A portion of pretreated biomass
can be used to feed a fungus or other organism that produces
cellulose that can then be added to pretreated solids to release
glucose from cellulose [22]. Filamentous fungi which use cellu-
lose as carbon source possess the unique ability to degrade cel-
lulose molecules in plant lignocellulose. Fungi are the main
cellulase producing microorganisms, though a few bacteria
and actinomycetes have also been reported to yield cellulase
activity. Fungal genera like Trichoderma and Aspergillus are
known to be cellulase producers and crude enzymes produced
by these micro-organisms are commercially available for agri-
cultural use. The rice straw has traditionally been removed
from the ﬁeld by the practice of open-ﬁeld burning. This prac-
tice clears the ﬁeld for new plantings and cleans the soil of dis-
ease causing agents to a certain extent. However, it also
produces visible smoke and has a negative effect on air quality.
Table 1 Composition of untreated rice straw and corn stalks
expressed as percentage content of the main fractions on a dry
weight basis.
Biomass Percentage
Cellulose Hemicellulose Lignin Ash Others
Rice straw 32.15 28.00 19.64 11.33 8.88
Corn stalks 29.80 33.30 16.65 8.50 11.75
60 B.T. Shawky et al.On the other hand, in the search for viable alternative energy,
the rice and corn plant residues are considered as sources of li-
quid fuels. These can be converted through bioconversion into
ethanol, which is a clean-burning transportation fuel. How-
ever, utilization of these resources in biotechnology requires
that the substrate must ﬁrst be hydrolyzed to fermentable
reducing sugars. The genus Aspergillus species attack cellulose
producing signiﬁcant amount of cell free cellulase capable of
hydrolyzing cellulose into fermentable soluble sugars such as
glucose, an important raw material in chemical industries
[20]. In our present work, the conversion of plant lignocellu-
loses to fermentable sugars by fungus is studied.
2. Materials and methods
2.1. Microorganisms
Twenty-ﬁve fungal isolates were isolated from samples of plant
debris. These isolates were grown on basal medium of Shawky
and Hickisch [18] supplemented with 1% (w/v) cellulose pow-
der, ca. 20 lm as slants at 30 C for 5 days and stored at 5 C
until use.
2.2. Lignocellulose and compositional analysis
Rice straw and corn stalks were harvested and air dried then
milled using cutting mill, ﬁnally sieved to a size of 425–
710 lm. Their compositions were determined to evaluate the
cellulose and hemicelluloses in the biomass [1], lignin [7] ash
and others [2,15].
2.3. Enrichment medium
Twenty-ﬁve fungal isolates were enriched and maintained
using the following medium in g/l distilled water; NaCl, 3.0;
(NH4)2SO4, 1.0; K2HPO4, 0.5; KH2PO4, 0.5; MgSO4Æ7H2O,
0.1; CaCl2Æ2H2O, 0.1; cellulose, 5.0 and yeast extract, 0.25.
The medium was autoclaved for 15 min at 121 C. The isolates
were re-cultured and incubated for 3 days at 30 C.
2.4. Enzyme production
Shake ﬂask experiments were carried out in 250 ml Erlenmeyer
ﬂasks with 150 ml basic medium developed by Mandels and
Weber [12] and an initial pH of 5.0. Flasks were inoculated
with 5% (v/v) and incubated at 30 C on a rotary shaker
(100 rpm) for 5 days. Cells were removed from the culture
broth by ﬁltration and centrifugation (5000 rpm, 20 min).
The resulting supernatants solutions were used as the crude en-
zymes preparation for determination of extracellular enzyme
activities and protein contents.
2.5. Enzyme assays
After incubation, the cells were separated by centrifugation at
5000 rpm for 15 min at 4 C. The supernatants were used to
determine enzyme levels of Carboxymethyl cellulase (CM-cel-
lulase), ﬁlter paper activity, xylanase and cellobiase activities
according to Ghose [9]. The amount of reducing sugar levels
were determined by the dinitrosalicylic acid (DNS) method
[14]. The enzymatically liberated reducing sugar was calculatedfrom a previously established standard curve using glucose as a
standard. One unit of enzyme activity (U) was deﬁned as the
amount of enzyme producing 1 lmol/ml reducing sugar per
minute under standard assay conditions, speciﬁc activities were
expressed as unit per milligram protein (U/mg).
2.6. Protein determination
The protein content was estimated according to the method of
Bradford [4], using bovine serum albumin (BSA) as the stan-
dard protein.
2.7. Alkaline hydrogen peroxide (AHP) pretreatment
Rice straw and corn stalks samples were pretreated with alka-
line peroxide by placing 20 g of the substrate to be treated in
one liter of distilled water containing 1% (w/v) H2O2. The sus-
pension was adjusted to pH 11.5 with 3 N sodium hydroxide
and allowed to stir gently [10]. Treatments were performed
at 30 C and 60 C for 6 h. The treated materials were washed
with tap water then distilled water until neutrality and dried at
105 C [23]. The cellulose and hemicelluloses were determined
in the pretreated samples as mentioned before.
2.8. Enzymatic sacchariﬁcation of AHP-pretreated samples
Hydrolysis was done in capped 250 ml ﬂash in shaking water
bath. About 3.5 g of pretreated samples in 74.5 ml 0.05 M cit-
rate buffer, pH 4.8 containing 0.03% sodium azide. AHP-trea-
ted and untreated substrates were enzymatically hydrolyzed by
10 U of crude enzyme from the selected fungi. One milliliter of
liquid samples was taken every 24 h, boiling in capped test
tubes for 15 min to stop the enzyme reaction and then ﬁltered.
The released reducing sugars were determined by the DNS-
method [14].
3. Results and discussion
3.1. Composition of rice straw and corn stalks
Lignocellulosic materials from agricultural, forestry, grasses,
etc., are particularly abundant in nature and have a potential
for bioconversion. Accumulation of lignocellulosic biomass
in large quantities in places where agricultural residues present
a disposal problem results in deterioration of the used biomass
fuel production, paper manufacture, composting, human food
and animal feed. Several novel markets for lignocellulosic res-
idues have been identiﬁed recently [17]. The major constituents
of the lignocellulosic materials are cellulose, hemicellulose, and
lignin. The coating and associating effect of lignin with
cellulose and other polysaccharides protect them from enzy-
Table 2 Cellulases and hemicellulases activities in culture ﬁltrates of selected fungi.
Organism Protein (mg/ml) CMC-cellulase Xylanase FPase Cellobiase
U/ml U/mg U/ml U/mg U/ml U/mg U/ml U/mg
T. atrovide BTS4519 0.36 – – – – 0.089 0.25 0.079 0.22
T. koningii BTS120 0.78 0.810 1.04 2.22 2.84 0.025 0.03 0.031 0.04
T. pseudokoningii BTS9 1.36 0.246 0.18 0.814 0.59 0.037 0.27 0.031 0.023
T. hazianum BTS243 0.49 0.588 1.20 2.446 4.99 0.022 0.04 0.020 0.041
Tricoderma sp. BTS107 1.08 0.792 0.73 2.596 2.40 0.039 0.37 0.110 0.10
T. koningii BTS120 3.46 0.668 0.19 0.581 0.16 0.250 0.007 0.037 0.011
A. niger BTS149 4.57 0.405 0.10 2.348 0.52 0.023 0.005 0.033 0.01
A. tubingensis BTS83 0.75 0.366 0.49 0.883 1.17 0.032 0.04 0.017 0.022
P. roqueforti BTS12 2.21 – – 0.915 0.44 0.022 0.01 0.020 0.01
P. pinophilum BTS66 1.50 – – – – 0.023 0.015 0.270 0.18
Fusarium sp. 2.88 0.447 0.16 1.258 0.43 0.034 0.012 0.033 0.011
F. solani BTS54 2.75 – – 0.357 0.13 0.038 0.14 0.027 0.01
F. oxysporium BTS86 1.52 – – 1.169 0.77 0.028 0.02 0.027 0.018
F. sacehari BTS84 1.08 0.433 0.40 1.145 1.06 0.030 0.03 0.032 0.029
F. ﬂoceiferum BTS97 0.66 – – 0.187 0.28 0.024 0.04 0.026 0.039
Fusarium sp. BTS11 0.9 – – – – 0.023 0.03 0.017 0.019
E. heterothallicus BTS1 0.72 0.197 0.26 2.006 2.77 0.060 0.08 0.093 0.129
Table 3 Optimization of AHP-treatment of rice straw and corn stalks.
Pretreatment Rice straw Corn stalks
Lignin Hemi-cellulose Cellulose Lignin Hemi-cellulose Cellulose
Untreated 13.6 28.15 52 12 25.15 49.5
H2O2 (30 C, 6 h) 4.75 32.00 57 7.35 28.5 51.3
H2O2 (60 C, 6 h) 0.75 31.00 63 4.05 29.00 53.6
H2O2 (30 C, 6 h) 0.0 30.00 63 3.45 28.00 55.2
H2O2 (60 C, 6 h) 0.75 30.00 60 2.27 30.00 54.6
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tion of any agricultural waste for sugar production, it is neces-
sary to determine cellulose, hemicellulose, lignin, protein, total
lipid, reducing sugars and ash contents. The chemical compo-
sition of agricultural residuals varies depending on the growing
location, season and harvesting methods [1].
The composition of rice straw and corn stalks are shown in
Table 1, rice straw and corn stalks mainly consisted of 19.64,
16.65% lignin, 32.15, 29.8% cellulose, 28.0, 33.3% hemicellu-
lose, 11.33, 8.50% ash and others 8.88 and 11.75, respectively.
3.2. Screening of selected cellulolytic fungi for cellulose activity
A total of 25 strains of micromycetes of various taxonomic
groups isolated on culture media were tested for their ability
to hydrolyze cellulose, 22 were able to grow on the medium
containing amorphous cellulose as sole carbon source. The se-
lected fungi were screened for cellulase and hemicellulase activ-
ities in liquid culture and analyzed for their enzyme
production. The results are recorded in Table 2. A point worth
mentioning that Tricoderma koningii BTS120, Aspergillus niger
BTS149, Aspergellus tubingnsis BTS83 and Penicillium roquofr-
ti BTS12 culture ﬁltrates were demonstrated to be the best pro-
ducer of extracellular cellulases and hemicellulases in liquid
culture. Test strains T. koningii BTS120, A. niger BTS149, A.
tubingnsis BTS83 and P. roquefrti BTS12 were demonstrated
to be the best producers of CMCase activity ﬂows tope T. kon-ingii BTS120, A. niger BTS149, A. tubingensis BTS83 and Pen-
icellium pinophilum BTS66 showed highest activities of
xylanase. However T. koningii BTS120 showed the maximum
value of FPase activity when P. roqueforti BTS12 were and
Fusarium oxysporium BTS86 showed the maximum value of
cellobiase activity.
3.3. Alkaline hydrogen peroxide (AHP) pre-treatment
One of the major problems in utilizing lignocellulosic materials
as fermentation substrates is their resistance to hydrolysis. A
wide variety of pretreatment methods, namely physical, chem-
ical, and biological types, have been employed in an effort to
remove lignin and/or decrease cellulose crystallinity to enhance
the rate of hydrolytic degradation. The presence of large
amounts of lignin and hemicellulose in the biomass makes ac-
cess of cellulase enzyme to cellulose difﬁcult, thus reducing the
efﬁciency of hydrolysis. Pre-treatment helps to increase the
porosity, or accessible surface area, of lignocellulosic materi-
als, thus making the polysaccharides more susceptible to
hydrolysis. In addition, pretreatment effectiveness and hydro-
lysis improvement has been correlated with removal of hemi-
cellulose and lignin and the reduction of cellulose ﬁber
crystallinity [13]. The pretreatment with AHP is a well known
reagent; it has the great advantage of not leaving residues in
the biomass, as it degrades into oxygen and water. Also, the
formation of secondary products is practically inexistent [16].
Table 5 Partial puriﬁcation of cellulases enzyme from T. koningii BTS120.
Steps Protein (mg/ml) CM-cellulase Cellobiase
Activity (U/ml) S.A. (U/mg) Activity (U/ml) S.A. (U/mg)
Crude 0.66 15.27 22.76 5.11 7.63
(NH4)2SO4 %
Fraction 20 0.42 5.87 14.29 1.85 4.52
Fraction 40 0.30 1.53 5.24 0.38 1.26
Ethanol %
Fraction 20 0.40 3.90 9.46 1.51 3.67
Fraction 40 0.34 2.12 6.08 0.22 0.61
Acetone %
Fraction 20 0.44 5.97 13.24 2.17 4.83
Fraction 40 0.27 2.10 7.96 0.19 0.65
Table 4 Total reducing sugars (mg/g lignocellulosic martial) obtained during crude enzymatic hydrolysis of rice straw and corn stalks.
Treatment Incubation time (h)
24 48 72 96
T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3
Rice straw
Untreated 31 43 31 36 46 37 37 48 – 66 75 45
AHP 30 C 44 84 54 90 123 61 132 129 77 140 – –
60 C 36 54 78 42 109 76 121 – 98 129 121 129
Corn stalks
Untreated 95 95 80 111 125 92 128 130 95 – – 107
AHP 30 C 44 36 28 66 122 38 80 137 134 120 – –
60 C 25 62 18 28 62 36 50 63 52 – 82 56
T1, 10 ml of crude enzyme from isolate (Tricoderma atroviride BTS4519, Penicillium pinophilum BTS66 and Aspergillus tubingensis BTS83).
T2, 10 ml of crude enzyme from isolate (Penicillium roqueforti BTS12, Penicillium pinophilum BTS66 and Aspergillus tubingensis BTS83).
T3, 10 ml of crude enzyme from isolate (Fusarium solani BTS54, Emericella heterothallicus BTS1, and Aspergillus tubingensis BTS83).
62 B.T. Shawky et al.The effect of alkaline hydrogen peroxide and alkaline distilled
water pretreatment on chemical composition of rice straw and
corn stalks were investigated at 30 C and 60 C for 6 h. To
facilitate the comparison of pre-treatment conditions focused
on the maximum recovery of cellulose and hemicellulose Ta-
ble 3 summarizes the inﬂuence of the various pretreatments
on the components of rice straw and corn stalks, respectively.
An initial weight of 20 g of rice straw or corn stalks was treated
with 1000 ml distilled water or distilled water containing 1%
w/v H2O2, pH 11.5 adjusted by 3 N NaOH at the beginning
of the reaction. The temperature of alkaline hydrogen peroxide
had an observable effect on rice straw and corn stalks at 30 C
where 60 C for 6 h increased the cellulose content (60 and
54.6), however, the hemicellulose and lignin content decreased
(30 and 30) and (0.75 and 2.27), respectively. Alkaline peroxide
has been successfully developed for lignocellulose pretreat-
ment, and the agents are effective for hemicellulose and lignin
removal [24]. Hydrogen peroxide is an effective agent for lig-
nocellulose deligniﬁcation. Alkaline pH can synergize hydro-
gen peroxide for lignocellulose pretreatment [5]. Zhu et al.
[24] reported that alkaline peroxide treatment was more effec-
tive for lignin solubilization than distilled water. The percent
of lignin decreased to 94.49% and 81.1% with alkali and alka-
line peroxide treatment. Whereas, the percent of cellulose in-creased to 60 and 54.6 with alkaline peroxide treatment,
respectively (Table 3).3.4. Enzymatic sacchariﬁcation of AHP-treated samples
Untreated samples were subjected to saccharifcation by using
crude enzyme from fungi. The experiment was conducted for
4 days at 50 C .The ﬁrst day was selected as the most promis-
ing. The rate of sacchariﬁcation under the given condition in-
creases with the incubation period and reaches maximum
levels (Table 4).3.5. Partial puriﬁcation of cellulase
Precipitation is the most commonly used method for the isola-
tion and recovery of proteins from crude biological mixtures
[3]. It also performs both puriﬁcation and concentration steps.
Ammonium sulfate, ethanol, and acetone at different concen-
trations were added to the crude cellulase produced from T.
koningii BTS120 (Table 5). Fractions from 20% and 40%
showed low speciﬁc activity in comparison with crude en-
zymes. On the other hand, concentrations of 60% and 80%
Enzymatic hydrolysis of rice straw and corn stalks for monosugars production 63showed extremely high protein content; however, such concen-
trations revealed no cellulase activities.Acknowledgment
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